We sought to evaluate the impact of a hygiene and sanitation intervention program among schoolchildren to control active trachoma and intestinal parasitic infections. This longitudinal epidemiologic study was conducted among 630 students in rural Ethiopia. Baseline and follow-up surveys were conducted to evaluate the impact of a three-pronged intervention program: (i) construction of ventilated improved pit latrines; (ii) provision of clean drinking water; and (iii) hygiene education.
INTRODUCTION
Trachoma is a leading cause of preventable infectious blindness in the world (WHO ). It is caused by infection with Chlamydia trachomatis bacterium, one of the most common human pathogens (Schachter et al. ) . The World Health Organization (WHO) estimates that trachoma is endemic in 56 countries, most within Africa and the Middle East, and causes 3.6% of all blindness (Resnikoff et al. ) . It is currently reported that close to 1. Despite the magnitude of these problems, to the best of our knowledge, comprehensive sanitation intervention programs have not been systematically evaluated in Ethiopia.
Control of active trachoma and intestinal parasitic infec-
tions alleviates suffering, reduces poverty and supports equal opportunities among young children. A schoolbased hygiene and sanitation program is one of the most widely used and effective approaches to control trachoma and parasitic infections (Lewallen et al. ) . Notably, school enrollment is on the rise in most parts of the world (UNESCO ). Ethiopia is on track to achieve universal primary education, one of the United Nations Millennium Development Goals, with enrollment reaching up to 95.9% (MoFED ). With the vast majority of school-age children now enrolled, schools present an opportunity to reach thousands of children with safe water and hygiene and health messages. Targeting schools for water and sanitation improvement and hygiene training has multifaceted benefits including reaching children from households at all socio-economic levels (Nagpal ) as primary education is very highly subsidized or completely free (UNESCO ; MoFED ; Nagpal ). Instituting health promotion and disease prevention programs in schools benefits not only the students but also the family, community and country as a whole. Improved health among students will improve their school attendance, their learning potential and their educational achievement (WHO ). Therefore, in this intervention study we sought to evaluate the impact of a hygiene and sanitation intervention program among Angolela primary education students in controlling active trachoma and intestinal parasitic infections.
METHODS AND MATERIALS
This longitudinal epidemiologic study was conducted in Angolela Woreda, North Showa zone during October 2008 and May 2009. Angolela Woreda is located 140 km from Addis Ababa (capital city) ( Figure 1 ).
Baseline survey
The first survey was conducted in October 2008 to establish baseline prevalence estimates of active trachoma, intestinal parasitic infection as well as estimates of knowledge, attitudes and practices (KAP) of hand washing among students. The survey questionnaire consisted of: demographic information (grade, gender); mother and father literacy (no, yes); and frequencies of bathing, washing feet/ hair, brushing teeth and changing clothes. Students were asked whether their hands were washed during the day prior to interview (no, yes); their reasons for washing hands (after defecation, before meals); and what materials were used for hand washing (soap and water, water only).
All 669 students attending grades 1-6 at Angolela Primary School were included in the survey (median age ¼ 11 years old). Following the baseline survey, improvements in hygiene and sanitation were implemented by the school.
Intervention components
The school implemented the following improvements in sanitation and hygiene.
1. Low-cost, eight-seat ventilated improved pit (VIP) latrines were newly constructed for female students.
Another existing eight-seat pit latrine was refurbished; contents were emptied and became functional for use by male students.
2. Two fiberglass water tankers each with capacities of three cubic meters and with three taps were installed, separately for both males and females. Tankers were filled every other day with clean water from a nearby protected spring water source using jerry cans of 10 and 20 liters capacity to promote hand washing after toilet use as well as to encourage students to wash their faces. The protected spring had an effective protection around it.
In addition, set back distance, based on travel time, was established to protect against possible contaminant sources such as latrines.
3. A student-led health club was formed to educate students every morning before class starts during morning parades and using special sessions about basic hygiene and sanitation. Members of the club and the teachers heading the club were oriented on proper hygiene and disease prevention. Different types of posters and printed materials on hygiene and sanitation were supplied. The health club's main functions included: supervising the availability of water inside tankers; supervising the cleanliness of latrines; instructing students on how to use latrines and water stands; and communicating health messages to students.
After the baseline survey, students who were found to be positive for parasites and active trachoma (described below)
were treated for free with appropriate doses of nationally 
Post-intervention survey
Since October 2008 all students have had access to all the intervention components. A follow-up study of students enrolled in the baseline survey was conducted in May 2009 to evaluate the extent to which prevalence estimates of infections, as well as estimates of KAP had changed after interventions were implemented.
Socioeconomic and personal risk factors survey
A structured questionnaire (translated from English and printed in the local Amharic language) was used to collect data. The questionnaire included information on 
Eye examination
All students were examined for clinical signs of active trachoma using the WHO simplified clinical grading scheme by trained and standardized ophthalmic nurses.
Each ophthalmic nurse was standardized against a highly experienced ophthalmologist in trachoma diagnosis (gold standard). The same nurses were used for baseline and post-intervention surveys. In accordance with the WHO grading scheme (WHO ), active trachoma was defined as the presence of either trachomatous follicular (TF) or trachomatous inflammation intense (TI). Each student was also examined for trachomatous trichiasis (defined as either inturned eyelashes rubbing on the eye or evidence of previously removed lashes) and trachomatous scarring (TS).
Parasitological examination
About 3 grams of fresh stool samples were collected in plastic cups and were labeled with the students' unique study identification number. Following stool collection, samples were preserved in a tube containing 10% formalin in 0.85% saline. Samples were then taken to Debre Birhan Hospital, 10 km from the study site, for processing, using the ether concentration technique for fecal examination to diagnose infections with intestinal worms and protozoa, following WHO standard operating procedures for the parasitological examination of feces (WHO ). To evaluate diagnostic accuracy, 5% of the fecal samples were randomly re-processed by a separate lab technician from Debre Birhan Hospital and the results were compared with the results made by the original lab technician. In accordance with the WHO recommendation, students who were found to harbor an intestinal parasite were treated with albendazole for free at a single dose of 400 mg orally (WHO ). All treatments were provided without charge to students or their families.
ETHICAL CONSIDERATION
Ethical approval for all study procedures was granted by the 
RESULTS
The socio-demographic and personal characteristics of Angolela schoolchildren during baseline and post-intervention surveys are presented in Table 1 . At baseline a total of 669 students with a median age of 11 years (interquartile range 9.8-13.0) participated in the study while 630 students participated during the post-intervention survey with a median age of 11 years (interquartile range 9.7-13.0).
There was no significant difference in the gender distribution, age and parental literacy rates.
As shown in Figure 2 , there was a marked improvement in KAP toward sanitation among students after intervention.
At baseline, approximately, 61% of students felt that boiling water kills germs, while 74% of them reported this postintervention. At baseline 73% of students thought human feces contain germs, whereas during the follow-up survey 88% of students reported this. Similarly, as shown in Figure 3 , significant improvements were noted across all objectively observed personal hygiene characteristics (all p-value <0.01). As depicted in Figure 4 , improvements in hand washing practices were also noted. Table 2 , there was a significant decrease in the prevalence of active trachoma (p < 0.001). At baseline 15% of students had active trachoma while, notably, only 6.7% of students were found to have active trachoma during the post-intervention survey.
As shown in
Similar improvements were noted for intestinal parasitic infections (Table 3) . At baseline 7% of students were diagnosed with any helminthic infection and 30.2% were found to have any protozoa infection. These prevalence estimates, however, were significantly reduced (p ¼ 0.04) postintervention. Only 4% of students had any helminthic infection and 13.4% of them were found to have any protozoa infection.
DISCUSSION
The results of our study demonstrated that provision of a comprehensive and targeted sanitation intervention project was successful in reducing the burden of trachoma and intestinal parasitic infection among schoolchildren in Angolela, Ethiopia. To date, we are not aware of any published They noted that a single dose of albendazole treated 62% of infected children indicating the moderate efficacy of single doses on affected children (Hall & Nahar ) .
Given that a single dose of albendazole may not be as exposures and family contacts for the identification and control of trachoma. Finally, it is possible that some educational efforts conducted at a national and regional level might have contributed to increased awareness about hand and face washing among students.
In conclusion, as evidenced in our study, provision of latrines, water and hygiene education was found to be protec- 
